Adaptive software applications for educational purposes
The development of adaptive software applications for educational purposes has been dominated by instructional design solutions predominantly based upon level of knowledge 
Conceptual operationalization of learning style
Learning style can be defined as a stable pattern of individual cognitive functions and traits that determine the preferred way of approaching instructional stimuli..
Relatively recent conducted studies (Kirton, 2003; Kommers et al., 2008) , within the contemporary learning style paradigm, have empirically validated a number of theoretical assumptions that can be used as a basis for the design and development of adaptive software applications. These assumptions are as follows: 1 
Adaptive instruction based on learning style
Any attempt for an effective adaptive instructional design approach based upon learning style should take into account the advancement of the learning style theory, as discussed in the previous section. Adaptation has been associated with a purposeful effort for accommodating individual differences in learner characteristics for designing effective instruction (Jonasssen & Grabowski, 1993 projects tend to connect the instructional strategy to the learner model, but it is not always explicitly stated which specific instructional approach is used (Brown et al., 2005) . When the instructional approach is specified, in the most of the cases, it does not reflect the current trends in modern instructional design theory and practice (see Papanicolaou et al., 2004) . Sometimes the discussion on design approaches, based on learning styles, has been replaced by a discussion on learning style classifications (Brown at al., 2005) . When the design approach for adaptation is explicitly referred to, typically it is the preferential type of adaptation, based on pre-assessment (Papanicolaou et al., 2004 ). This paper is aimed at comparing matching, compensating and monitoring. adaptive scenarios based on learning style. Matching and compensating scenarios operate on a designtime mode, while monitoring applies a run-time adaptation mode. In addition, within the adaptive scenarios, the role of pre-assessment and embedded adaptation controls is a subject of investigation. The study explores the following research questions: 1. What is the effect of matching, compensating, and monitoring adaptive scenarios on complex learning? 2. Is there any effect of learning styles on learning achievements in complex learning situations? To provide answers to these research questions, we developed a software application, which implements different adaptive scenarios including adaptive modes and controls. The tool is a test-bed for measuring the effectiveness of the adaptive scenarios.
Development of the of the tool Architecture
The tool is a web-based application having two tiers and utilizing Microsoft technologies:
Typical usage scenarios
The order of logical arrangements of the tool when used by a student is as follows: Figure 1 illustrates the implementation of the learning style questionnaire and the learning achievement test. ***INSERT FIGURE 1 ABOUT HERE*** The student can also provide feedback for the tool usability at any time.
The main logical arrangement of the tool during the usage by the administrator is as follows: 
Features
The most important features of the tool are: (a) automatic students allocation to an experimental group, that is support for an automatic assignment of students based on their learning styles questionnaire results and registration time in order to achieve equal split of the users with the same learning style (Activist or Reflector) among three predefined paths of structuring the learning content; and (b) run-time adaptation, that is support for runtime adaptation based on embedded adaptation control.
Automatic student allocation to an experimental group
In order to equally split the students having the same learning style across the experimental groups, there is a check for the current state of distribution as the student is allocated to the experimental group where the lowest number of students with the same learning style is. As there are three groups, it is clear, in one third of the times, which group has the lowest number of students with the same learning style, and in two third of the times there is a random selection between the groups where this number is equal. This algorithm allows equal split of the same learning style between the experimental groups, ensuring a distribution of an equal number of students in the three groups.
Run-time adaptation
The run-time adaptation is applied to the Monitor experimental group. Its design is based on tracking the student click stream and matching his/her behavior pattern to a predefined signature scores.
***INSERT FIGURE 2 ABOUT HERE***
In this way the student already has a current score, which determines whether s/he is i.e. more Activist or Reflector and the system shows accordingly the learning content designed for this particular learning style. There are 15 signatures possible, built upon a combination of the three different types of learning support, namely, theory, procedures and examples. The signature is formed based on the sequence of these types of supports, which the student visits when studying a particular learning content. The sum of all signatures for all learning content modules defines the student's current score and determines which content the system shows next. The score scale of the signatures is between -5 and 5 where the negative direction indicates the range of Reflector style and the positive direction indicates the range of Activist style. It means that a student with positive current score is assigned to the Activist content and a student with a negative current score is assigned to the Reflector content. The time spent on a page is also tracked but it is not reported here. The plan is to enhance the run-time adaptation in the next release of the tool in order to build a more sophisticated scoring algorithm.
Method Research Design
The research design of the study draws upon two research perspectives: (a) design research (Brown, 1992 
Regarding the experimental research perspective, the study applies factorial experimental design. The independent variables are (a) adaptive instructional scenarios with three levels: matching, compensating and monitoring, on the one hand; and (b) learning style, on the other hand. The dependent variable is learning achievement of students. The two lines of research, (design) process research and experimental study, are complimentary to each other. The software application creates conditions for the experimental research. The results of the experimental study will be used for improving the software.
Participants and procedure
All the students following a master degree at a Faculty of Computer Science were invited to take part in the study. 216 students registered to the system. Of them, 152 filled out the learning style questionnaire and 49 did the learning achievement test. Only the participants who did the test are included in the analysis of this study. The participants had to study the software engineering technique called Writing Persona in the context of the case of designing and developing a faculty web portal. The students were randomly assigned to three groups. The learning content to study was the same for the three groups but it was structured in a different way. The following heuristics have been used for structuring the learning content. If the goal is to build a learning environment for the activist learning style, then involve the learner in a role-playing confronting her/him with a real life case (scenario, vignette) that has to be resolved. Describe the cast and the story. If the goal is to support the learning experience of the activist learning style, then provide him/her with some heuristics for the systematic problem solving approach(s) to be applied to the case. If the goal is to compensate for the weaknesses of the activist learning style, then present guided problems (modelling examples), war stories (work-out examples) and overview (theoretical models), preferably in this order. If the goal is to support the reflector learning style, then present her/him with work-out examples, modelling examples and theoretical models, preferably in this order. If the goal is to compensate for the weakness of the reflector learning style, then describe the real life context of the tasks, provide systematic problem solving approach(s), and ask for applying it on learning tasks. One of the groups of students studied the learning content structured to match the preferences of the activist learning style. This learning track confronted the participants with a problem situation (designing a web portal) and involveed them in a sort of role-playing. The main supportive activity was providing guidelines and procedures. There were also guided problems and war stories, which were secondary supportive activities and were used as illustrations for the guidelines and procedures. A second supportive activity was a short theoretical introduction, which was provided at the beginning of the study. This learning path included in addition alternative guidelines, procedures, techniques and theoretical models. Another group of students followed a learning track where the primary supportive activities were examples (work-out example and demonstrations). The secondary supportive activities were (a) procedures, guidelines and techniques; and (b) an overview of theoretical models. The participants assigned to this group were asked to provide a solution to a project scenario, which described the task of designing a web portal. For the third group, the different types of instructional support such as theoretical models, examples, procedures, and guidelines, were available to learners for a selection. Depending on the selection made, the system offered consequently particular learning support (procedure, guidelines, examples, and theoretical models). The students who accepted the invitation to take part in the study were instructed to register to the system. Once registered they got an access to a learning style questionnaire to be filled out. After that the system randomly assigned the participants to one of the three learning tracks as described. The learning content, structured to match the activist learning style, represented a preferential condition for the activists and a compensation condition for the reflectors. Similarly, the learning track designed to meet the needs of the reflector learning style was a preferential condition for reflectors and a compensation condition for the activists. The learning content structured for the activist and reflector learning styles operationalises the idea of design-time adaption based on preassessment adaptive control. The third group worked with a framework implementing the idea of run-time adaption based on embedded adaption control. The participants in the three groups followed the content in their own pace and at the end responded to an achievement test. The students were also encouraged to express their opinions on the content, adaptive approaches applied and the usability of the system.
Measurement Instruments
Two types of measurement instruments were used in this study: an achievement test and a learning style questionnaire. The achievement test included 10 items to measure the level of knowledge and skills on the technique Writing Persona. The test applieed a context-dependent multiple-choicemultiple-answer format (testlets) with a vignette attached to some of the items. The reliability of the test reached a relatively high Cronbach alpha value (0.89). The second measurement instrument was a revised version of the Honey-Mumford Learning Style Questionnaire (LSQ, 1992) for defining learning styles (De Ciantis & Kirton, 1996) . The original LSQ has been widely applied, but some recent factor-analytical studies showed that it did not produce stable psychometrical performance (see De Siantis & Kirton, 1996). The four learning styles (Reflector, Theorist, Pragmatist, and Activist), which should be independent measures, actually form two orthogonal dimensions, each presenting a bipolar scale: Activist-Reflector and Theorist-Pragmatist (De Ciantis & Kirton, 1996). As a result De Ciantis and Kirton created a new 45-items scale (.90 alpha). The ActivistReflector scale is a pure 'style' type scale, which is appropriate for the purposes of the current study. The Theorist-Pragmatist scale seems to be problematic and unreliable and would not contribute substantially to the design blueprint and the measurement of learning styles. The modified LSQ was used for a first time. We hoped not only to reliably identify learning styles but also gradually to collect critical mass of data to validate the instrument and create norms.
Data Analysis and Results
The 
Discussion
Although no significant difference among the three adaptive scenarios was found, the Monitor group demonstrated higher results than the Preferential and Compensation scenarios. The students assigned to the Monitor scenario could select the types of resources they prefer (either guidelines, procedures and techniques, or examples and demonstrations, or theoretical models). Based on learners' selection, the system suggests the next learning activity and resources.
The suggestions are based on preferential matching, that is supporting the strengths of a particular style, but there are also hints as how to overcome the weaknesses of this learning style. The Monitor group implementes the idea of embedded and implicit identification of learning style and it combines features of both the preferential and compensation adaption. The results of the study encourage further investigation of this approach for learning adaptation. As it was expected, the study yielded no significant difference between learning styles. Learning style is about preferences of people, not about their level of knowledge, skills, or cognitive ability. People with a different level of capacity can be found within samples of different learning styles. In addition, even when put in a not preferable condition, people are capable to do what is required from them as they switch on the cognitive mechanism of coping behaviour (Kirton, 2003) . Related to this, the current study brings some interesting ideas, worth to be further investigated. It seems that students with reflector learning style are more comfortable with the preferential adaptive instructional arrangements, while students with activist learning style deal better with the compensation adaption scenario. Reflectors showed a decrease of their learning achievements within the Monitor adaptive approach, while activists demonstrated an increase in their test scores (see Figure 3) . Both style perform closely within the Monitor adaptive scenario. The study sheds light on some issues related to learning adaption and its technological implementation as it also "open the door" for future research and development. The study, however, has some flaws from research methodology point of view. It would be useful to report on the effect of the adaptation scenario not only on learning achievements of students but also on their attitudes. How do students like adaptation approaches, and does learning style produce any difference among students in this respect? The satisfaction was included as a variable in the initial research plan, but we are not ready to report on it because we are still collecting data. The system also technically affords users to comment on different issuecontent, adaptation approach, usability, and interface. The sample of students is skewed toward the activist learning style, which means that activists and reflectors are not equally distributed across the three study groups. Although the achievement test was equal for the three groups, and the Levene test indicated equally distributed variations of the test results, we suspect a 'floor' effect, which could explain the relatively low mean of the scores in the three groups.
Conclusions
This exploratory study was aimed at identifying some issues related to designing adaptive learning scenarios accommodating learning styles. The results will be used for attuning the research design and improving the software application, which we developed for the purposes of this study. We thought that building a prototype was the best way of operationalising theoretical constructs such as learning style, adaptive learning scenarios, modes and controls. The study confirmed our assumptions regarding learning style as a cognitive construct of preference type. Coping behaviour as a cognitive phenomenon provided a good explanation for the lack of difference in the performance of people with different learning style as well. The Monitor adaptive scenario, implementing the embedded adaptation control and run-time adaptation mode, seems a promising idea and need further investigations.
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